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! ON THE CHOICE OF OBJECTIVES IN SYSTEMS STUDIES

Charles J. Hitch

One of the more tiresome bromides to which operations researchers or

systems analysts are subjected 1s the injunction to first choose the right

objectives.

Now I would be the last to urge you to choosﬁ%the wrong objectives.

Nothing is more important in systems studies than'tg‘define the right ones.

| Vorking out solutions, hovever elegantly, with the wrong objectives is

equivalent to answering the wrong qpestion, seldom & useful exercise.
It might appesr then that 1t would make senle to begin with some broad

"glven" or accepted objectives; to derive from them appropriste local or

sub-obaectivgs_rbr_the systems problem in hand; and then to design the

analysinktq‘maximize, in some senaeéithe proximate objéct;vel; .In the
special case of national security pwoblems, with vhich I am most familier

and from which I will therefore aelect most of my examplea, this mcans

'beginning vith given natlonal obJectiVes and deriving from them the appro-

priate proximate military subsobjectivea. In 1ndustrial operations research
it usually means starting with company obaectivel, and deriving appropriate.
departmental or lover nub-objectives.

Not omly 1sq¥;is & plauaible approach;’ 1t 18 in some lpecial cases an
acceptable.one; it 4s usually (not always) better than making no systems
study at all; and it is frequently, given limitations on availabie-time or
manpover, the only feasible approach. I think I was the first to use the

PR B

- P 3 n L. s . - - mdea - oporations resaars
term "sub-optimizaiion” to describe this style of operaticns ressarch (in

1952), and I am no implacable or dogmatic foe of 1ts use. Some of the most

O R



‘_unimportant, task of designing modelu.u
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reverding systems studies have in fact been lov level sub-optimizations.

But in general sub-optimizing is not good enough, moreover, it foregoes

"some’ of the greatest potential gains from the applicntion of our craft I

anm concerned that sub-optimizing has such great appeal to many physical

scientiste and mathematicians engaged in operations research and syatema

iuudies. Toeir interest is concentrated on teshnical aopecta of their

' problems and on the design of appropriate ‘models. "Objéctives" appear to

come fram a different sort of world and hopefully someone else’ 8 world.
They are tainted with "value Judgments" -« anathema to any true scientist.
They 1nvoive economics and other social sciences. Many -- by no means all,

- R '
but many - phyuical scientista are-happy to accept authority for inputs so

uneongenial to their accustomed modes of thinking. And”they don't much care
whether the author1¢y in a general, *he president of & company, or a locial
' lcientist.”vA/definition -= the clearer-and less ambigucus the better -=

will permit them to get on with the fascinating, 1f. sameéimel relat1Vely |

IR :

Unrortunately, elcape 1s not 8o easy._ The'brinélpal theme of this .
paper il that in many of the most 1mportant problems obJectives cannot be
taken as given; that ends and means interac+ in canplex ways that the

syltems gnalyst must malter, and that he can, 1ndeed, and should as one of

g&g'maaor ongctives, help clarify and define the objectives that he strives

" to maximize.

3 . : o .
Why doesn't the plauaible and superficially attractive device of getting

the best qualiried pernon to givu you the obJectivel work? There are lots
of reasonse, some important in some cases, others in others. I am going tc

try to sort them out systematically, teking my examples mainly from the

3 s
2l
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field of.national secu}ity.

Eirat, it e impossible to define ;EEEwBEEEte abjectives without know-
ing - great deal about the fe;aibilitz and cost of achieving them. And this
knowledge must be derived frqm the anaLysis.

Is deterrence of attack by the threat of nuclear retaliation & feasible

,.miiitpry objective, aasqming current, technology gnd a more or less rational

- enemy? Ve are highly confident th@t the answer 1s yes, given‘the geography.
and GN? of the‘Ut{ted Stateto Pretty,obviouulyuthe.answer is ho, gi#et the -

- ugeograﬁhy and GNP of Liechtenstein. But vhat of the intereating intermediate
| cases like Great Britain, France, Japan, India? The answver 1n,not obvious to
me. The important role for gilitary syatems analysts in theaefcountries is
‘to help them“decidé that their strategic objectives should be,. what kinds
ofvobjectivei‘are régsible in.té;ms of resource conté. If we shift our-t
attention from retaliatory forces to-active air_defense during the next
decade, the anhwer to the teasibilit§ question”ia unclear evenvféi the‘U,S.

== 0o 80 1t seems to me. | R .

In fact, cost 18 __EEI; relevant in defining insurance obaectivna. Alr
defenae, 1ike many other national activities, has only a contingent valte.

- Its value nay be nil or veryvgreat depending upon what happenn in the future..
Providing it is eguivalent tb buying inauraqce at’thevhatignal level. Now
insurance.isia nice thing to have, at either the national or the person&lt
level, but ote doesn't necessarily buy it for that reason. Whether one bu&a
it depends upon how disgstrous the contingéncy would be; how likely one
thinks {t is to hapﬁen; and the cost of the insurance; as well ag upon the
tasic chjcetives or character of the perscn wakling the cholce. JSome peopie,

in their personal lives as in msking decisions for the nation, play for



vsaiety,:while others take risks and‘live‘dangerously.'41 am inclined to be

. tidal uave, the effects of ‘which would heve been cataatrophic (but probpbly
for me sud wy family as well as for: the proPerty, which reduced ny incen- o

" uive, note the analogy tq,air-defense).  I did 8, 11ttle résearch on the risk

- that sort of thing) and learned that there hadn t been ) tidal

- coast in- nesrly 200" years of recorded history, while the only insurance

Q:‘Bystematio analysia or the risks and coats in analogous national security

" problems - can be eqnally helpful -- even if ve can't ingert at the beginning

‘quehtly is no national or other high level objective that can be taken a8

) - R _ - P-195%

cautious in such matters. I carfy a'great deal of insurance of various' ‘ ’ ,’ N
kinds. But you can't deduée’from that that“I buy any and gil insurance

agaihst all unfavorable céntingencies ir}g?peﬁti§e'ofﬂéolf.” Efen I draw

the line. o S

Several years ago we lived on the beech in Malibv and I of course oo

'insurcd my house against fire (even though that was very expenlive) wind ;

damage, earthqueke, and falling airplanes (becaune that was very cheap and

I can't resist & bargain). I seriously thought about insurihg it againnt

1

. R . [
and the cost (I won't dignify it by the neme systems analysis, Z%t it was
ave on our

kil

company 1nterested in assuming the risk demanded premiums of ten,per cent g
1

o

per gnoum. I had little trouble decidins to take my chanéﬂsn R#gorous,

i
i

of the analyais some neat formula defining the nhtion 8 propensity to avoid j '.' L
risks. (1 couldn~t dq.that explicitly in solviqglmy peraonal problems.)

-Vhich leads into my second difficulty with this epproach: there fre-

"eiven." For all sorts of good reasons that are not about to change, official
statements of national objectives (or company objectives) tend to be non-

existent or so vague and literary as to be non-operaﬁional. It is easy, but




" not helpful to the systems snslyst, to say that the objective of the o

' occura. T _T ) o . ﬂ

- different signs to their values. o j ' ~i}
il . !
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i
military establishment is to prevent wvar if posaible and to win one if 1t

|

no how and from whom does the analyst ootain his high level objeciive7

C o whom does he appeal? Can-the President (of the U.5. or of the company)

glve a :ufficiently definitive~and precise answer?' And even 1f he can in

_some tned@;tical sease, what 1f he is inacceSbihle or inarticulate?

'v

-Actually, ours i3 a democratic end plural” society, with & government

:_diatinbuished by diviaion -rather than concentration of power. There 18 no
 single authority, neither the Joint Chiefs nor the N.8.C. nor the Prestdent,

‘that can say "These are our national ob.jectivesu There are many importaot ?ﬁ

1nfluencea on national decisiona - high officials, assorted low officials,

Congress as a body and many 1nd1v1dual Congrecsmen, the Judiciary, public

opinion and the opinions of many influential private pcrsons.

And the views of these bodies and these persons differ. Some arc-risk1
fakern, oﬂhers risk avolders. Some are comservative, others liberai. Somo‘
emphaaize and others de«emphasize military solutions. thn obJectives con-
flict, they will assign differenu weights to the alternativpﬁ, and aomecimea

[ .
“This wouldn t matter of course 1f‘we could construct from all these

individu&lvobjcctiven functicnl gome appropriately weighted national objec-

'tiycn‘runct;ou¢ -But this {8 a practical absurdity, and &ven theorctically

1t has been demonstrated that thare 1s no unigue or even'plausibly satis-

fying way to derdve aoclal prefercncce functions from individual prefleceice

functions.




fornidsble. S

P-1955

In move authoritarian countrics or organizations these difficulties
would be less than in the U.S. government. But I am acquainted with no
country or company so authoritarian th<monolith1c that they are less than

"t

Thers is an addud difficulty if the aystems study relates to a future

'tiﬁe period (as it usually does). The relevant objectives when the system .

1e operational are future obJect;veé, the re}évant»circumstangéxﬁare futpfe
dndﬂuncepta;nlyJpredict&ble circﬁmétancea, and “the relevantléfficials Qﬂd
1nfiuential~peroonageaiunkhbwn, The only t?in@ you may know is that the
{ncumbents won't é%ill be eround. e

Even {n the besat or c1rcumstance§ ignorance and uncertainty sbout High

level obgebfi$es>make reliance on' official definitions a.precarious proced-
. L :-” e . B

“ure. we'know little cnough about our own personal obJectivesf There are
doubts about the;therapeutic value of psychoanalyéis,ubut nO«doubt at all

-that it has revealed to surprised patient after paticnt that hie g_al

motives for action bear little rel&tion to what he believed were his matives.
National obJectives can only be some combination or aiatillation of the

objectives of people who comprise (or rule) the nation, and we ahould learn :

'to be aB skeptical and critical of” thc v;rbalizationa and rationalizationa

that pass for national objectives as we have learned to be of apparent or

claimed personal objectives. No lowef order of caution and soﬁhistication
. 4 : T -

il

glves promise of success.
Of course; there is another and lazier wey for the analyst,perplexed

by such problems, to get on with hia sub-optimizing, nasmely, by accepting

& proximate mbject;ve from his local commander or departmbnt head. This

is sometimes Worth doing, lacking anything better, and sometimes obligatory.

[£
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But we should not deceive ourselves that there i sany sclentific justifica-

© tion for this procedure. Officials in a bureauw. ratic hiersrchy have no

‘ special competence in o.eriving appropriate low 1. evel obJjectives consistent

with higher level objectives. In fact, there ar-¢built-in bisses in any

i bureaucré.\pic organization which meke it likely tihat ﬂroximate objectives

defined by an officlal at one levei-;vwill glve inigppropriate weight to im-

portant interactions with objectives for which o thexr officials are 'respon-

This brings me to the third and .greatest d: fficulty in starting with

given dpjectivés- -~ the fact that objectives are multiple and conflicting,

e

and tha.!L alternative means of satisfying eny onc are likely to produce sub-

stantiai and differentia.l "spillov-e.f" effects on others. IBnds and means
don't fit into neat comps.‘rtments side by side.

The illusion that the\‘re is broad agreement ocn netional objectives é'é=ems
ﬁom the practice of listing,{ with no exchangék reste s iﬁdicated,, nice _thinés
for the nation to have. We aie all (or .;asl,most a-1l) in  favor of God, mét.her-
hood, pesce | (and ‘therefox"‘e’\ ,él."e‘ternence) s winning =s var 1f deterrénce I‘fa.il;s,

protect:lon aga:lnst nuclear blast and fallout , thee containment and rollback

of our enemics, better education, more super- higtlmys, a higher standard

‘of living, a balanced budget, lower_taxes, more mapld economice growth, ete.,

ete., ete. But lists of this kind ere almost usesleas for the analyst. In
addition to ‘being_‘ 1mpfecisé, they ignore the all—important questions of
choiée among nice things when having more of one means having less of another.
Take a hard look at the protection of the nxoplation against nuclear
biast and faliout. This would be nice to have, cund st Tirst glance some

combination of air defense and civil defense woulld sicem to be the means of
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¥:aéhieviﬁg it. Bu£ two aorté of conflicts will plague us as’we proc&edi
( ) how much shall we spend on air defense and civil defenaef “ayihg that
protection 1s nice to have doesn t help us here a bit._ We know that other
ihings are nice to havc too, and the more protection we buy the lea? we have
to spend on orrenaive forces, on schoola and highw&ys, and on personal natia-
faction out of incomes before tax. As we have already seen, ve can t decide
vhether to spend ggx}__gg until the,analyatvhas given us some notion ofu'
feasibility and cost."And'(b), thefe will be'complex 1ﬁteractiona and Ecn-'
flicts with other obJectives - direct conrlicts, not merely 1ndirect ones
"throuzh competition for budget and resources. “
* It is possible, for exdmple; that some of the extreme forms of eivil -
.=dergnse would change, for the worse, our whole mode of 1ife; that concen=
tration on air and civil defenae would weaken our alliances by appearing
.to ¢ommit us to a Eortreau America concept, and that air derenae and civil
‘defense, by making it more,credible that we would 1n sonme circumatancee,
'ltrike firlt, might actuallvaeaken deterrence of an , enemy" firet atrike on
us. Some forms of active defense mighﬁ even be perilouﬁvto our -own pffeh-'
sive wéapon‘nyntemg. | | d

'

O0f course, the sign of the effect on other objectivep 18 not necessarily

negative. Civil defense shelters might help solve the urban parking problem,

“or in homes do double duty as wine cellars, Some forms of active derenae,
especially theiriwarning components, can prbtecu our‘offenaive force es well
as our cities, and thereby contribute to deterrence.

Nor is this the whole ztory. The gblcetive of protecting citvles can

be profoundly influenced, for good or i1l, by means usually associated with

the achievement of other objectives -- like & otrong, well protected,
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offensive fot'ce that deters eny attack; or an offensive force deployed well
away from centers of population that draws fire away from ciLiea, or an
. offensive force capable of killimg the enemy 2 oftenaivc force, or, to take-
a negatt%e example, an accident-prone offensive force that triggcrs 8
thermpnuclear War desired by no one.

Enough of ‘this example, which 15 illustrative, but fairly typical both
‘ 6r military‘and lndustrial problemg, All these intoractions, poaitive and
" negative, hgie onc thing in coﬁmoﬁ' they make it impossible to deal ade- |
quetely and honestly with thc problem of protecting the population agalnst
 ~ ‘nuelear attack by taking that a8 - the given ob1ect1ve and optimizing the
means usually associated vith it.

Let me spend Just a minute on & slightly different and more sﬁbtle

Torm of conflict. We have spoken of deterrence of the enemy as an obJec?

tive -i perhaps the primary objective - of our mllitary forces. But you |
learn, after only a little study, that there are many different forms o# |
deterrence -~ many dirferent gorts of action by an enemy that it would be
nice to deter.“ There is the 1§uallquestion..hou far down the deterrence
road is it delirable to gf ‘ Ie-know we vﬁht theﬁmilitary capdbillty to
."deter bim from striking us Airectly, and that, at the other extreme, 1t's
probably silly to try to deter him by military means‘from frowning at ug,
But where in between do we d;aw the line?

: So far, this sounds familiar. But as we dig:deeper'we discover con-

R flictn within the general objective of deterrence -- cases where strengthen-
ipg one kind of deterrence weakens (or may weaken, if we choose certain

means) another kind of deterrence.

One of my colleagnes, e sophisticated systems analyst, once tried to
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solve & personal problem by a rigorougfmaximizatiou of an objectives func-

tion supplied by hie dector. He needed to lose weigh%, 8o he determined

by coneulting the experts his minimum requirements for’ proteins, carbohy-

I
i
.,{

i

!
|
|

|

4I

gpantities‘of various roods, was fhnt"he sﬁould”drink'BO"gallons’of‘Vinegar p

high). Sinoe hin own taste buds and digestive tract were to be the victims .

' lecond answer, incidentally, proved to be a8 unacceptable as the first, so

: he introduced still other” con&itiona.u

o necesaity became apparent. But it ia slightly worrisome that the method ‘ ‘
. . il

jdrates, fats, vitamins, minerals, ete. He also obtain@d the quantities of -

siié him his minimum caloric requirqmenta.lTThe‘answer,'igdoriné minor

each of theae rood elements in the )OO or 600 foods on the BLS list rhen,"
on fhe plausible theory that mass is filling and. that molt dieting atnempta
fail because the nubject reels hungry, ‘he maximized, aubject to various

constraints, thepweight (not qounting wgter content) of the diet that would -

0

per day (vinegar is a weak acid, and {ts veight per calorie 18 remarkably

og'this‘experiment, He knew intuitively that the answermyasvcrazy, and _ -

;informed‘hin machine that it shouldfre;calculate, ignoring vinegar. The' i Lo
. " P

“ . . . . - . . “

Now my colleague was{éroceeding very sensibly with hisg problem, start-

ing with an oversimplified formulation and adding complications as their

he used is very similar to the one so meny or us use: to take somekplauaible

"

obJective s glven, and calculate like mad to maximize it, But we are

using it in areas where our intuition doesn t reaeh very powerrully, and 1t
therefore 1sn't so easy to recognize vinegary ansvers for what they are,‘

That doesn't keep them from being Just that.
80 vhat does the analyat do7? If he‘oan't find anyone to give him

acceptable objectives, where does he obtain them? ' The only ansver I have
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_;15 that. learning about objectives is oné of the chief objects of this kind'

/ oﬁ'enalysis. We must learn to look at bbjectivea as criticelly and as

lﬁrofensionally RB we loek at our models and our other inputs. We may, of |

o . ‘ : . i
courde,'begin’with tentative objectives, but we must expectztc~modify'or

o

# replace them as we 1earn about *he systems we are studying - and related

aystema.. The fee&back on obJectives may in some ceges be the moat important
result of ' éur atudy We have neﬂer undr taken a mador system study at RAND
in whieh we were able to define setilfectory obJectives at the beginning of

R . . ot

the study : " ' N - . |
In- apite Jf.some provocative remarks near the beginning of this talk,
I m not really &fraid that American anelynts will neglect the study of )
pbjectives. It is & national trait to be fascinated by higher level problemn.
A friend of mine; aﬁ economist, recehtly returned from a visit to Ruusia,
where he 1nterviewed a large nnmber of 1ndustria1 officiall in the hinter-
1and. He wes reporting to a group of us on his impressions from these 1nter-
viewsu He tound that the officials, almost without exception, telked
1nterestedly and 1ntelligently about tﬁeir own probleml and the problems of .
officieln below them 1n the hierarchy.. @hey received (from on high) a plan :

or target, and exercised ell ‘their ingenuity 1n cerrying it out. ‘But my

, friend was completely unuuccesbful when he probed for information ebout

deciliens at higher'levels @he ofriciala did not know how such deeinionl

"ﬁwere”made. It was none of. their business. They weren't interestcd. They

wouldn'; even speculate. They had nothing 1ntelligentfto say.
A volce apoke up from the ‘mudience: "In the United States it's pré-
ciscly the opposite." |

If the Ruueian is an incorrigible sub-optimizer, presumably for reasons -




o may ‘have to go higher than %hat es well as to collatoral levels.i The

obJeetives, but how we;sh% a concern ourselves with them.
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of health, the Amcrican is unwilling to be Jjust that. I think we all uoder-

stand that we can't hope to st-Optimize appropriately without knowing a .

it

good deal about the problema/of at least the next higher 1evel, and that we

[

-
question isn t reall; whetZir we should be concerned with hi&her lPVGl

(.

_One snare, 1 have ﬁ#ied to aay, 15 to asaume that someone elsc can’

‘oupply the ansver. An/ther 18 to look for something too pat and neat -

‘some fuhetion to be pasaivcly maximized.' The hieher level vorld is seldom

oy

like that, - 7
”Nothiog-but rigorous;.qﬁ;ntitatfvo analysisicah tell us whether ﬁomﬁr
objective maked sense or not - whether it is feasible, how much it vill
cost Nothing but rigorous analysis can reveal the conflicts betﬁcén ob- o
Jectives Nothing but 1nVentive and- ihgenious analysis can uncover means“’

or aysfems that contribute to aeveral ob1ect1ves, cr that function in a

» wide variety of relevant circumstances, or that aatisfy 1nfluential people

.

or organizations with quite different views about higher objectives." ‘?1;”}

‘This 18 a lot messier than maximizing given objective functiona. But

and family life, éhd aci'accordiogly. If-Iﬁloch;acations ih tﬂé mountains
and hate the seaahore, and my wife is Just the opposite, we dom't de;ote all
our erforu to analyzing which of the two is pref@rable, we spend 4ome"of it -
seeking 8 third alternative that we both like.' National life and company
nfe aren't too0, dii’ferent from femily life in this respect.

To conclude* we must broadeu owr horizons wnd amoltions In the

‘hierarchy of ends and means there 18 no essential difference amon@ levels,

i

o |
it can slso be a lot more frpitful. We know thiqnintpitively inoopr peraonai

]



butions at high levels as well Aa low and may fruquently be %nable to
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"

or between means and ends. The systems analyat méy be able to make contri-

contribute at low unless he also contributeﬂ at high. This isfa ghallengé\“ ‘

'andvopportunity. I there is to be any clarification of objectives for q
uystems studies, any ga;n in uheir eon;reueness, deuail, und opefational ;~
| il
uaef\:lnesu, we are going to havu to ‘do the clarifying. No ome else can * , lf,
help much. And we have toole to use if we can rid ourselves of dogma and /
. b . ] . . v":/,
* false hopes for tidy; _-a.uthoritaria.n or ex't.erna.L solutlons. J }}
. ‘ . ,/", / : ,
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